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MISSION OVERVIEW

This is the 1st flight of Endeavour and the 47th for the space shuttle.

The flight crew for the STS-49 mission is commander Daniel (Dan) C. Brandenstein; pilot
Kevin P. (Chili) Chilton; and mission specialists Pierre J. Thuot, Kathryn (Kathy) C.
Thornton, Richard (Rick) J. Hieb, Thomas (Tom) D. Akers, and Bruce E. Melnick.

In addition to testing and evaluating all of Endeavour'sbasicsystems, Endeavour's
seven-day maidenvoyage willbe highlightedbythe retrieval,on-orbitrepair,and
reboostingof the InternationalTelecommunicationsSatelliteOrganization(INTELSAT) VI
(F-3) satellite,one of five INTELSAT commercial communicationssatellitesthat form a
networkdesignedto providevoice,video, and data servicesto Earthstationsin 180
countries. INTELSAT VI was launchedMarch 14, 1990, buta malfunctionin itsTitan
boosterleft it strandedin an unusable loworbit.

The STS-49 INTELSAT Vl mission willbe the most complex satellite retrieval missionto
f-" date. Endeavour and her crew will engage in the first ever active dual rendezvous of two

orbiting spacecraft and the first in-orbit attachment of a solid rocket motor. Following a
complex set of maneuvers to rendezvous Endeavour and the satellite, mission specialists
Thuot and Hieb will perform a space walk on flight day 4 to capture the satellite using a
special capture bar. The orbiter's remote manipulator system arm will then be used to
berth the satellite atop a new perigee kick motor mounted in the orbiter's payload bay.
INTELSAT Vl will then be released and maneuvered by INTELSAT ground controllers for
reboost into geosynchronous orbit.

Another highlightof the flight will be the Assembly of Station by EVA Methods experiment,
which will feature STS-49's second and record-breaking third space walks. Mission
specialists Thornton and Akers (flight day 5) and Thuot and Hieb (flight day 6) will perform
space walks to demonstrate and verify maintenance and assembly capabilities for Space
Station Freedom. The astronauts will construct a space station truss pyramid structure,
gathering data on techniques and handling aids for manipulating and berthing large items
and examining the handling, transport, and assembly techniques for a truss structure and
attached hardware. They will also evaluate crew self-rescue devices and techniques and
RMS and manual berthing operations of a multiple-purpose experiment support structure
pallet onto the space station truss, using both cameras for guidance and oral directions
from space walkers.

Other secondaryobjectives for STS-49 include the Commercial Protein CrystalGrowth
experiment,Air Force Maui OpticalSite, and the UltravioletPlume Instrument.
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The primary objectiveof the CPCG experiment is to gather data onthe methodsand
commercialpotentialfor growinghigh-qualityproteincrystalsin microgravity.CPCG is
sponsoredby NASA'sOffice of CommercialProgramsand is managedby the Center for
MacromolecularCrystallography,Universityof Alabama at Birmingham,a NASA-
sponsoredCenter for the Commercial Developmentof Space.

The AMOS and UVPI experiments are both payloads of opportunity that will be conducted
if time permits. Neither requires any on-board hardware. The primary objective of
AMOS, sponsored by the U.S. Air Force Space Systems Division, is to use the orbiter
during cooperative overflights of Maui, Hawaii, to obtain imagery and/or signature data to
support the calibration of AMOS ground-based sensors and to observe plume
phenomenology. Crew and orbiter participation may be required to establish the
controlled conditions for the Maui cooperative overflight. UVPI is a Department of
Defense payload located on the Low-Power Atmospheric Compensation Experiment
satellite, a Strategic Defense Initiative Organization satellite in low Earth orbit. UVPI's
sensors will be trained on the orbiter to obtain imagery and/or signature data to calibrate
the sensors and to observe orbiter jet firings during cooperative encounters of the orbiter
with the LACE satellite.

Endeavour is the fifth operational orbiter built by Rockwell InternationalCorporation's
Space Systems Division, Downey, Calif. Authority to proceed with construction of
Endeavour was received on August 1, 1987, and Endeavour rolled out on schedule from
SSD's orbiter assembly and modification facility in Palmdale, Calif., on April 25, 1991.

The new orbiter incorporatesnumerousdesignchanges and upgrades made as part of
NASA'sorbitercontinuousimprovementprogram. New features includeimprovedor
redesignedavionicssystemsand updatedmechanicalsystems,includingthe firstshuttle
program use of a drag chute that willbe deployedafter landingat EdwardsAir Force
Base to assist in slowingthe orbiterduringroilout. Endeavouris also partiallyoutfittedfor
extended-durationmissionsof upto 28 days in lengthinthe future.

Nineteen detailed test objectives and 13 detailed supplementary objectives are scheduled
to be flown on STS-49.
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MISSION STATISTICS

Vehicle: Endeavour (0V-105), 1st flight

Launch Date/Time:

5/'7/92 7:06 p.m., EDT
6:06 p.m., CDT
4:06 p.m., PDT

Launch Site: KennedySpace Center (KSC), Fla.--LaunchPad 39B

Launch Window (planar): 7:06 p.m. - 7:52 p.m., EDT; 7:53 p.m. - 7:55 p.m., EDT (48
minutestotalwindowduration)

Mission Duration: 7 days, 00 hours,04 minutes

Landing: Nominalend-of-missionlandingon orbit 111

5/14/92 7:10 p.m., EDT
6:10 p.m., CDT
4:10 p.m., PDT

Runway: Nominalend-of-missionlandingon concreterunway22, EdwardsAir Force
Base (EAFB), Calif. Weather alternatesare KennedySpaceCenter, Fla., and Northrup
Strip (NOR), White Sands, New Mexico.

Transatlantic Abort Landing: Banjul,Gambia; alternates:Ben Guerir,Morocco;Rota,
Spain

Return to Launch Site: KSC

Abort-Once-Around: EAFB

Inclination: 26.35 degrees

Ascent: The ascent profilefor thismissionisa direct insertion. Only one orbital
maneuveringsystemthrustingmaneuver,referredto as OMS-2, is used to achieve
insertionintoorbit. This direct-insertionprofileloftsthe trajectoryto providethe earliest
opportunityfor orbit in the eventof a problemwith a space shuttlemain engine.
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The OMS-1 thrusting maneuver after main engine cutoff plus approximately 2 minutes is
eliminated in this direct-insertion ascent profile. The OMS-1 thrusting maneuver is
replaced by a 5-foot-per-second reaction control system maneuver to facilitate the main
propulsion system propellant dump.

Altitude: 183 by 95 nautical miles (211 by 109 statute miles) minimum orbit

Space Shuttle Main Engine Thrust Level During Ascent: 104 percent

Space Shuttle Main Engine Locations:

No. 1 position:Engine 2030
No. 2 position:Engine 2015
No. 3 position:Engine 2017

Editor'sNote:The followingweight data are currentas of April28, 1992.

Total Lift-off Weight: Approximately4,519,418 pounds

Orbiter Weight, Including Cargo, at Lift-off: Approximately256,597 pounds

Orbiter (Endeavour) Empty, and 3 SSMEs: Approximately173,229 pounds

Payload Weight Up: Approximately32,598 pounds

Payload Weight Down: Approximately8,558 pounds

Orbiter Weight at Landing: Approximately201,593 pounds

Payloads-Payload Bay (* denotes primary payload): INTELSAT-VI reboostmission
hardware,*Assemblyof Stationby EVA Methods

Payloads-Middeck: CommercialProteinCrystalGrowth(CPCG)

Other Mission Objectives-No Flight Hardware: Air Force Maul OpticalSite (AMOS),
UltravioletPlume Instrument(UVPI)
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Flight Crew Members:

Commander: Daniel (Dan) C. Brandenstein, fourth space shuttle flight
Pilot: Kevin P. (Chili) Chilton, first space shuttle flight
Mission Specialist 1: Richard (Rick) J. Hieb, second space shuttle flight
Mission Specialist 2: Bruce E. Melnick, second space shuttle flight
Mission Specialist 3: Pierre J. Thuot, second space shuttle flight
Mission Specialist 4: Kathryn (Kathy) C. Thornton, second space shuttle flight
Mission Specialist 5: Thomas (Tom) D. Akers, second space shuttle flight

Ascent Seating:

Flightdeck, front left seat, commanderDaniel (Dan) C. Brandenstein
Flightdeck, front rightseat, pilotKevinP. (Chili)Chilton
Flightdeck, aft center seat, missionspecialistBruce E. Melnick
Flightdeck, aft rightseat, missionspecialistRichard (Rick) J. Hieb
Middeck,missionspecialistKathryn(Kathy)C. Thornton
Middeck, missionspecialistPierre J. Thuot
Middeck,missionspecialistThomas (Tom) D. Akers

Entry Seating:

Flightdeck, front leftseat, commanderDaniel (Dan) C. Brandenstein
Flightdeck, front rightseat, pilotKevinP. (Chili)Chilton
Flightdeck, aft center seat, missionspecialistBruce E. Melnick
Flightdeck, aft rightseat, missionspecialistThomas (Tom) D. Akers
Middeck,missionspecialistRichard(Rick)J. Hieb
Middeck, missionspecialistPierreJ. Thuot
Middeck,missionspecialistKathryn(Kathy)C. Thornton

Extravehicular Activity Crew Members, If Required:

Extravehicular(EV) astronaut1: PierreJ. Thuot
EV-2: Richard (Rick) J. Hieb
EV-3: Kathryn (Kathy) C. Thornton
EV-4: Thomas (Tom) D. Akers

Intravehicular Astronauts: Daniel (Dan) C. Brandenstein,Kevin P. (Chili)Chilton,and
Thomas (Tom) D. Akers
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STS-49 Flight Directors:

Ascent/Entry:N. W. (Wayne) Hale
Orbit 1 (Rendezvous/EVA)Team (lead): G. A• (AI) Pennington
Orbit2 (Deploy/EVA)Team (lead): P. L. (Phil) Engelauf
PlanningTeam: J• M• (Milt)Heflin

Entry: Automaticmode untilsubsonic,then controlsticksteering

Notes:

• The remote manipulator system is installed in Endeavour's payload bay for this
mission

• The galley is installed in Endeavour's middeck

• Acceptable launch times will closely follow INTELSAT in-plane times• Launch can occur
no earlier than 45 minutes before in-plane time or 9 minutes after in-plane time.

• The launch window duration is dictated by shuttle phasing capability and range safety
constraints. The maximum window duration will be 54 minutes.
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MISSION OBJECTIVES

• Primary Objective
- INTELSAT-VI retrieval, repair, and reboost

• Secondary Objectives
- Payload Bay

• Assembly of Station by EVA Methods (ASEM)
- Middeck

• Commercial Protein Crystal Growth (CPCG)
- Payloads of Opportunity (No Flight Hardware)

• Air Force Maui Optical Site (AMOS)
• Ultraviolet Plume Instrument (UVPI)

• Development Test Objectives/Detailed Supplementary Objectives
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FLIGHT ACTIVITIES OVERVIEW

Flight Day 1

Launch
OMS-2
Unstowcabin
CPCG activation
Payload activation
Firstorbit raisingburn

Flight Day 2

10.2 psicabin depressurization
EMU checkout
RMS checkout
Second orbitraisingburn

_- Flight Day 3

DTOs
DSOs
Orbit circularization plane corrections

Flight Day 4

INTELSAT rendezvous
EVA/PKM attachment
INTELSAT deploy

Flight Day 5

ASEM EVA 1

Flight Day 6

ASEM EVA 2



-10-

Flight Day 7

Crew press conference
RCS hot-fire test
FCS checkout
Cabin repressurization to 14.7 psi
Cabin stow
DTOs
DSOs

Flight Day 8

Payload deactivation
Deorbit preparation
Deorbit burn
Landing

Notes:

• Each flight day includes a number of scheduled housekeeping activities. These include
inertial measurement unit alignment, supply water dumps (as required), waste water
dumps (as required), fuel cell purge, Ku-band antenna cable repositioning, and a daily
private medical conference.
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STS-49 CREW ASSIGNMENTS

* Denotes primary responsibility

Commander (Daniel C. Brandenstein)"

Overall missiondecisions

Orbiter--cautionand warning,*APU/hydraulics,communications/instrumentation,*
crew equipment,*DPS,* ECLSS,* EPS, GN&C,* habitability,*MPS, OMS/RCS,
training,* flight rules,* IFM

Payload--INTELSAT, AMOS

DTOs/DSOs--DTOs 249 and 648*; DSOs 613 (subject 1), 614 (subject 1), 802,
901,902, and 903

Other--intravehicularastronaut

Pilot (Kevin P. Chilton):

Orbiter--APU/hydraulics," cautionand warning,communications/instrumentation,
crew equipment,DPS, ECLSS, EPS,* GN&C, habitability,IFM, MPS,* OMS/RCS,*
PDRS (ASEM), PGSC, flight rules

Payload--ASEM, AMOS

DTOs/DSOs--DTOs 249,* 651 (subject2), and 700-2*; DSOs 613 (subject2),
614 (subject 2), 617 (subject 1), 621 (subject 1), 802, 901,902, and 903

Other--intravehicular astronaut*

Mission Specialist 1 (Richard J. Hieb):

Orbiter--IFM, medical,* photo/TV,*payload bay doors(mechanical--open1), PGSC*
training

Payload--EV2 (INTELSAT)

DTOs/DSOs--DTOs 648 and 700-2; DSOs 482 (subject 1), 603B (subject 1),
617 (subject 1), 621 (subject1), 802, 901,902, and 903

Other--Earth observations*
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Mission Specialist 2 (Bruce E. Melnick):

Orbiter--IFM, PDRS (INTELSAT, ASEM), payloadbay doors (mechanical--closed2)

Payload--INTELSAT, ASEM

DTOs/DSOs--DTOs 325 and 651 (subject 1); DSOs 469 (subject 1), 614 (subject 3),
621 (subject 3), 802, 901,902, and 903

Mission Specialist 3 (Pierre J. Thuot):

Orbiter--IFM

Payload--EV1 (INTELSAT)

DTOs/DSOs--DTO 640; DSOs 482 (subject2), 603B (subject2), 613 (subject3),
617 (subject3), 802, 901,902, and 903

Other--intravehicularastronaut

Mission Specialist 4 (Kathryn C. Thornton):

Orbiter--IFM, medical, PDRS (INTELSAT)

Payload--INTELSAT, EV3 (ASEM)*, crew self rescue,CPCG*

DTOs/DSOs--DSOs 482 (subject3), 604 (subject1), 613 (subject4), 621,802, 901,
902, and 903

Mission Specialist 5 (Thomas D. Akers):

Orbiter--IFM, photo/TV,payloadbay door (mechanical--open2, close 1)

Payload--EV4 (ASEM), crew self rescue*, CPCG

DTOs/DSOs--DTOs 325,* 640,* and 728*; DSOs 482 (subject4), 603B (subject 3),
613 (subject 5), 617 (subject4), 802, 901,902, and 903

Other--intravehicularastronaut*
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DEVELOPMENT TEST OBJECTIVES/DETAILED SUPPLEMENTARY OBJECTIVES

DTOs

Forward RCS flight test 12-second pulse (DTO 249)
Ascent structural capability evaluation (DTO 301D)
Ascent compartment venting evaluation (DTO 305D)
Descent compartment venting evaluation (DTO 306D)
Entry structural capability evaluation (DTO 307D)
ET TPS performance--method 2 (DTO 312)
Waste/supply water dumps (DTO 325)
Carbon brake system test (DTO 519)
Edwards lakebed runway bearing strength assessment (DTO 520)
Orbiter drag chute system--test 1 (DTO 521)
Cabin air monitoring (DTO 623)
Hydrazine monitor (DTO 640)
Electronic still photography test (with downlink) (DTO 648)
EDO cycle ergometer hardware evaluation (DTO 651)

F_ Remote manipulator system unwanted motion evaluation (DTO 659)
Acoustical noise dosimeter data (DTO 663)
Laser range and range rate device (DTO 700-2)
Ku-band antenna friction (DTO 728)
Crosswind landing performance (DTO 805)

DSOs

Inflight radiation dose distribution (TEPC) (DSO 469C)
Cardiac rhythm disturbances during extravehicular activity (DSO 482)
Orthostatic function during entry, landing, and egress (DSO 603)
Visual-vestibular integration as a function of adaptation (O1-1)(DSO 604A)
Postural equilibrium control during landing/egress (DSO 605)
Changes in the endocrine regulation of orthostatic tolerance during space flight (DSO
613)

• Head and gaze stability during locomotion (DSO 614)
• Evaluation of functional skeletal muscle performance following space flight (DSO
617)

• In-flightuse of florinef to improveorthostaticintolerancepostflight(DSO 621)
• Educationalactivities(DSO 802)
• Documentary television(DSO 901)

, . Documentary motion picture photography (DSO 902)
• Documentarystillphotography(DSO 903)



-15-

STS-49 PRELAUNCH COUNTDOWN

T- (MINUS)
"rERMINALCOUNTDOWN EVENT

06:00:00 Verification of the launch commit criteria is complete at this time. The
liquid oxygen and liquid hydrogen systems chill-down commences in order
to condition the ground line and valves as well as the external tank (ET) for
cryo loading. Orbiter fuel cell power plant activation is performed.

05:50:00 The space shuttle main engine (SSME) liquid hydrogen chill-down
sequence is initiated by the launch processing system (LPS). The liquid
hydrogen recirculation valves are opened and start the liquid hydrogen
recirculation pumps. As part of the chill-down sequence, the liquid
hydrogen prevalves are closed and remain closed until T minus 9.5
seconds.

05:30:00 Liquid oxygen chill-down is complete. The liquid oxygen loading begins.
The liquid oxygen loading starts with a "slow fill" in order to acclimate the
ET. Slow fill continues until the tank is 2-percent full.

05:15:00 The liquid oxygen and liquid hydrogen slow fill is complete and the fast fill
begins. The liquid oxygen and liquid hydrogen fast fill will continue until
that tank is 98-percent full.

05:00:00 The calibration of the inertial measurement units (IMUs) starts. The three
IMUs are used by the orbiter navigation systems to determine the position
of the orbiter in flight.

04:30:00 The orbiter fuel cell power plant activation is complete.

04:00:00 The Merritt Island (MILA) antenna, which transmits and receives
communications, telemetry and ranging information, alignment verification
begins.

03:45:00 The liquidhydrogenfastfillto98 percentiscomplete,and a slowtopping-
offprocessisbegunand stabilizedtoI00 percent.

03:30:00 The liquidoxygenfastfilliscompleteto98 percent.
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T- (MINUS)
TERMINAL COUNTDOWN EVENT

03:20:00 The main propulsion system (MPS) helium tanks begin filling from
2,000 psi to their full pressure of 4,500 psi.

03:15:00 Liquid hydrogen stable replenishment begins and continues until just
minutes prior to T minus zero.

03:10:00 Liquid oxygen stable replenishment begins and continues until just minutes
prior to T minus zero.

03:00:00 The MILA antenna alignment is completed.

03:00:00 The orbiter closeout crew goes to the launch pad and prepares the
orbiter crew compartment for flight crew ingress.

03:00:00 Begin 2-hour planned hold. An inspection team examines the ET for
ice or frost formation on the launch pad during this hold.

03:00:00 Two-hour planned hold ends.
.QZ,LEtJ

02:55:00 Flight crew departs Operations and Checkout (O&C) Building for launch
pad.

02:25:00 Flight crew orbiter and seat ingress occurs.

02:10:00 Post ingress software reconfiguration occurs.

02:00:00 Checking of the launchcommit criteria starts at this time.

02:00:00 The ground launch sequencer (GLS) software is initialized.

01:50:00 The solid rocket boosters' (SRBs') hydraulic pumping units' gas
generator heaters are turned on and the SRBs' aft skirt gaseous
nitrogen purge starts.

01:50:00 The SRB rate gyro assemblies (RGAs) are turned on. The RGAs are
used by the orbiter's navigation system to determine rates of motion of the
SRBs during first-stage flight.

01:35:00 The orbiter accelerometer assemblies (AAs) are powered up.
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T- (MINUS)
TERMINAL COUNTDOWN EVENT

01:35:00 The orbiter reaction control system (RCS) control drivers are powered up.

01:35:00 The flight crew starts the communications checks.

01:25:00 The SRB RGA torque test begins.

01:20:00 Orbiter side hatch is closed.

01:10:00 Orbiter side hatch seal and cabin leak checks are performed.

01:01:00 IMU preflight align begins. Flight crew functions from this point on will be
initiated by a call from the orbiter test conductor (OTC) to proceed. The
flight crew will report back to the OTC after completion.

01:00:00 The orbiter RGAs and AAs are tested.

00:50:00 The flight crew starts the orbiter hydraulic auxiliary power units' (APUs')
water boilers preactivation.

jr-- -

00:45:00 Cabin vent redundancy check is performed.

00:45:00 The GLS mainline activation is performed.

00:40:00 The eastern test range (ETR) shuttle range safety system (SRSS) terminal
count closed-loop test is accomplished.

00:40:00 Cabin leak check is completed.

00:32:00 The backup flight control system (BFS) computer is configured.

00:30:00 The gaseous nitrogen system for the orbital maneuvering system (OMS)
engines is pressurized for launch. Crew compartment vent valves are
opened.

00:26:00 The ground pyro initiator controllers (PICs) are powered up. They are
used to fire the SRB hold-down posts, liquid oxygen and liquid hydrogen
tail service mast (TSM), and El" vent arm system pyros at lift-off and the
SSME hydrogen gas burn system prior to SSME ignition.

,-- 00:25:00 Simultaneous air-to-ground voice communications are checked. Weather
aircraft are launched.
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T- (MINUS)
HR:MIN:SEC TERMINAL COUNTDOWN EVENT

00:22:00 The primary avionics software system (PASS) is transferred to the BFS
computer in order for both systems to have the same data. In case of a
PASS computer system failure, the BFS computer will take over control of
the shuttle vehicle during flight.

00:21:00 The crew compartment cabin vent valves are closed.

00:20:00 A 10-minute planned hold starts.

Hold 10 All computer programs in the firing room are verified to ensure that the
Minutes proper programs are available for the final countdown. The test team is

briefed on the recycle options in case of an unplanned hold.

The landing convoy status is again verified and the landing sites are
verified ready for launch.

The IMU preflight alignment is verified complete.

Preparations are made to transition the orbiter onboard computers to Major
Mode (MM)-101 upon coming out of the hold. This configures the
computer memory to a terminal countdown configuration.

00:20:00 The 10-minute hold ends.

Counting Transition to MM-101. The PASS onboard computers are dumped and
compared to verify the proper onboard computer configuration for launch.

00:19:00 The flight crew configures the backup computer to MM-101 and the test
team verifies the BFS computer is tracking the PASS computer systems.
The flight crew members configure their instruments for launch.

00:18:00 The Mission Control Center-Houston (MCC-H) now loads the onboard
computers with the proper guidance parameters based on the
prestated lift-off time.

00:16:00 The MPS helium system is reconfigured by the flight crew for launch.

00:15:00 The OMS/RCS crossfeed valves are configured for launch.

All test support team members verify they are "go for launch."
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T- (MINUS)
TERMINAL COUNTDOWN EVENT

00:12:00 Emergency aircraft and personnel are verified on station.

00:10:00 All orbiter aerosurfaces and actuators are verified to be in the proper
configuration for hydraulic pressure application. The NASA test director
gets a "go for launch" verification from the launch team.

00:09:00 A planned 10-minute hold starts.

]_[£g.t.e_ NASA and contractor project managers will be formally polled by the
deputy director of NASA, Space Shuttle Operations, on the Space Shuttle
Program Office communications loop during the T minus 9-minute hold. A
positive "go for launch" statement will be required from each NASA and
contractor project element prior to resuming the launch countdown. The
loop will be recorded and maintained in the launch decision records.

All test support team members verify that they are "go for launch."

s Final GLS configuration is complete.

00:09:00 The GLS auto sequence starts and the terminal countdown begins.
Counting

From this point, the GLSs in the integration and backup consoles are the
primary control until T-0 in conjunction with the onboard orbiter PASS
redundant-set computers.

00:09:00 Operations recorders are on. MCC-H, Johnson Space Center, sends a
command to turn these recorders on. They record shuttle system
performance during ascent and are dumped to the ground once orbit is
achieved.

00:08:00 Payload and stored prelaunch commands proceed.

00:07:30 The orbiter access arm (OAA) connecting the access tower and the orbiter
side hatch is retracted. If an emergency arises requiring flight crew
activation, the arm can be extended either manually or by GLS computer
control in approximately 30 seconds or less.

00:06:00 APU prestart occurs.
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T- (MINUS)
TERMINAL COUNTDOWN EVENT

00:05:00 Orbiter APUs start. The orbiter APUs provide pressure to the three orbiter
hydraulic systems. These systems are used to move the SSME engine
nozzles and aerosurfaces.

00:05:00 ET/SRB range safety system (RSS) is armed. At this point, the firing circuit
for SRB ignition and destruct devices is mechanically enabled by a motor-
driven switch called a safe and arm device (S&A).

00:04:30 As a preparation for engine start, the SSME main fuel valve heaters are
turned off.

00:04:00 The final helium purge sequence, purge sequence 4, on the SSMEs is
started in preparation for engine start.

00:03:55 At this point, all of the elevons, body flap, speed brake, and rudder are
moved through a preprogrammed pattern. This is to ensure that they will
be ready for use in flight.

00:03:30 Transfer to internal power is done. Up to this point, power to the space
vehicle has been shared between ground power supplies and the onboard
fuel cells.

The ground power is disconnected and the vehicle goes on internal power
at this time. It will remain on internal power through the rest of the mission.

00:03:25 The SSMEs' nozzles are moved (gimbaled) through a preprogrammed
pattern to ensure that they will be ready for ascent flight control. At
completion of the gimbal profile, the SSMEs' nozzles are in the start
position.

00:02:55 ET liquid oxygen prepressurization is started. At this point, the liquid
oxygen tank vent valve is closed and the ET liquid oxygen tank is
pressurized to its flight pressure of 21 psi.

00:02:50 The gaseous oxygen arm is retracted. The cap that fits over the ET nose
cone to preventice buildupon the oxygenvents is raisedoff the nose cone
and retracted.

00:02:35 Up until this time, the fuel cell oxygen and hydrogen supplies have been
adding to the onboard tanks so that a full load at lift-off is assured. This
filling operation is terminated at this time.
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T- (MINUS)
TERMINAL COUNTDOWN EVENT

00:02:30 The caution/warning memory is cleared.

00:01:57 Since the ET liquid hydrogen tank was filled, some of the liquid hydrogen
has turned into gas. In order to keep pressure in the ET liquid hydrogen
tank low, this gas was vented off and piped out to a flare stack and burned.
In order to maintain flight level, liquid hydrogen was continuously added to
the tank to replace the vented hydrogen. This operation terminates, the
liquid hydrogen tank vent valve is closed, and the tank is brought up to a
flight pressure of 44 psia at this time.

00:01:15 The sound suppression system will dump water onto the mobile launcher
platform (MLP) at ignition in order to dampen vibration and noise in the
space shuttle. The firing system for this dump, the sound suppression
water power bus, is armed at this time.

00:01:00 The SRB joint heaters are deactivated.

00:00:55 The SRB MDM critical commands are verified.

00:00:47 The liquid oxygen and liquid hydrogen outboard fill and drain valves are
closed.

00:00:40 The external tank bipod heaters are turned off.

00:00:38 The onboard computers position the orbiter vent doors to allow payload
bay venting upon lift-off and ascent in the payload bay at SSME ignition.

The SRB forward MDM is locked out.

00:00:37 The gaseous oxygen ET arm retract is confirmed.

00:00:31 The GLS sends "go for redundant set launch sequence start." At this point,
the four PASS computers take over main control of the terminal count.
Only one further command is needed from the ground, "go for main engine
start," at approximately T minus 9.7 seconds. The GLS in the integration
console in the launch control center still continues to monitor several
hundred launch commit criteria and can issue a cutoff if a discrepancy is
observed. The GLS also sequences ground equipment and sends
selected vehicle commands in the last 31 seconds.
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TERMINAL COUNTDOWN EVENT

00:00:28 Two hydraulic power units in each SRB are started by the GLS. These
provide hydraulic power for SRB nozzle gimbaling for ascent first-stage
flight control.

The orbiter vent door sequence starts.

00:00:21 The SRB gimbal profile is complete. As soon as SRB hydraulic power is
applied, the SRB engine nozzles are commanded through a
preprogrammed pattern to assure that they will be ready for ascent flight
control during first stage.

00:00:21 The liquid hydrogen high-point bleed valve is closed.

The SRB gimbal test begins.

00:00:18 The onboard computers arm the explosive devices, the pyrotechnic initiator
controllers, that will separate the T-0 umbilicals, the SRB hold-down posts,
and SRB ignition, which is the final electrical connection between the
ground and the shuttle vehicle.

00:00:16 The sound suppression system water is activated.

00:00:15 If the SRB pyro initiator controller (PIC) voltage in the redundant-set launch
sequencer (RSLS) is not within limits in 3 seconds, SSME start commands
are not issued and the onboard computers proceed to a countdown hold.

00:00:13 The aft SRB MDM units are locked out. This is to protect against electrical
interference during flight. The electronic lock requires an unlock command
before it will accept any other command.

SRB SRSS inhibits are removed. The SRB destruct system is now live.

00:00:12 The MPS helium fill is terminated. The MPS helium system flows to the
pneumatic control system at each SSME inlet to control various essential
functions.

00:00:10 LPS issues a "go" for SSME start. This is the last required ground
command. The ground computers inform the orbiter onboard computers
that they have a "go" for SSME start. The GLS retains hold capability until
just prior to SRB ignition.
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00:00:09.7 Liquid hydrogen recirculation pumps are turned off. The recirculation
pumps provide for flow of fuel through the SSMEs during the terminal
count. These are supplied by ground power and are powered in
preparation for SSME start.

00:00:09.7 In preparation for SSME ignition, flares are ignited under the SSMEs. This
burns away any free gaseous hydrogen that may have collected under the
SSMEs during prestart operations.

The orbiter goes on internal cooling at this time; the ground coolant units
remain powered on until lift-off as a contingency for an aborted launch.
The orbiter will redistribute heat within the orbiter until approximately 125
seconds after lift-off, when the orbiter flash evaporators will be turned on.

00:00:09.5 The SSME engine chill-down sequence is complete and the onboard
computers command the three MPS liquid hydrogen prevalves to open.
(The MPSs three liquid oxygen prevalves were opened during ET tank
loading to permit engine chill-down.) These valves allow liquid hydrogen

i- and oxygen flow to the SSME turbopumps.

00:00:09.5 Command decoders are powered off. The command decoders are units
that allow ground control of some onboard components. These units are
not needed during flight.

00:00:06.6 The main fuel and oxidizer valves in each engine are commanded open by
the onboard computers, permitting fuel and oxidizer flow into each SSME
for SSME start.

All three SSMEs are started at 120-millisecond intervals (SSME 3, 2, then
1) and throttle up to 100-percent thrust levels in 3 seconds under control of
the SSME controller on each SSME.

00:00:04.6 All three SSMEs are verified to be at 100-percent thrust and the SSMEs
are gimbaled to the lift-off position. If one or more of the three SSMEs
does not reach 100-percent thrust at this time, all SSMEs are shut down,
the SRBs are not ignited, and an RSLS pad abort occurs. The GLS RSLS
will perform shuttle and ground systems sating.

Vehicle bending loads caused by SSME thrust buildup are allowed to
initialize before SRB ignition. The vehicle moves towards ET including ET
approximately 25.5 inches.
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00:00:00 The two SRBs are ignited under command of the four onboard PASS
computers, the four hold-down explosive bolts on each SRB are initiated
(each bolt is 28 inches long and 3.5 inches in diameter), and the two T-0
umbilicals on each side of the spacecraft are retracted. The onboard
timers are started and the ground launch sequence is terminated. All three
SSMEs are at 104-percent thrust. Boost guidance in attitude hold.

00:00 Lift-off.
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STS-49 MISSION HIGHLIGHTS TIMELINE

Editor's Note: The following timeline lists selected highlights only. For full detail, please
refer to the NASA Mission Operations Directorate STS-49 Flight Plan, A_Jlt_._,
Post Insertion Checklist, Rendezvous Checklist, Payload OoerationsChecklist,PDRS
OoerationsChecklist,EVA Checklist.DeorbitPreDChecklist,and _.

T+ (PLUS)
DAY/

HR:MIN:SEC EVENT

DAY ZERO

0/00:00:07 Tower is cleared (SRBs above lightning-rod tower).

0/00:00:10 180-degree positive roll maneuver (right-clockwise) is
started. Pitch profile is heads down (astronauts), wings
level.

0/00:00:18 Roll maneuver ends.

0/00:00:29 All three SSMEs throttledown from 104 to 71 percent for
maximumaerodynamic load (max q).

0/00:00:55 All three SSMEs throttleto 104 percent.

0/00:01:04 Max q occurs.

0/00:02:06 SRBs separate.

When chamber pressure(Pc) of the SRBs is lessthan
50 psi, automaticseparationoccurswith manualflightcrew
backupswitchto the automaticfunction(does not bypass
automaticcircuitry). SRBs descendto approximately15,400
feet, when the nosecap isjettisonedand droguechute is
deployedfor initialdeceleration.

t f---
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T+ (PLUS)
DAY/

EVENT

At approximately 6,600 feet, drogue chute is released and
three main parachutes on each SRB provide final
deceleration prior to splashdown in Atlantic Ocean, where
the SRBs are recovered for reuse on another mission.
Flight control system switches from SRB to orbiter RGAs.

0/00:03:58 Negative return. The vehicle is no longer capable of
return-to-launch site abort at Kennedy Space Center
runway.

0/00:06:52 Single engine press to main engine cutoff (MECO).

0/00:08:26 All three SSMEs throttle down to 67 percent for MECO.

0/00:08:31 MECO occurs at approximate velocity 25,906 feet per
second, 32 by 180 nautical miles (37 by 207 statute
miles).

0/00:08:49 ET separation is automatic with flight crew manual backup
switch to the automatic function (does not bypass automatic
circuitry).

The orbiter forward and aft RCSs, which provide attitude
hold and negative Z translation of 11 fps to the orbiter for ET
separation, are first used.

Orbiter/ET liquid oxygen/liquid hydrogen umbilicals are
retracted.

Negative Z translation is complete.
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In conjunction with this thrusting period, approximately 1,700
pounds of liquid hydrogen and 3,700 pounds of liquid
oxygen are trapped in the MPS ducts and SSMEs, which
results in an approximate 7-inch center-of-gravity shift in the
orbiter. The trapped propellants would sporadically vent in
orbit, affecting guidance and creating contaminants for the
payloads. During entry, liquid hydrogen could combine with
atmospheric oxygen to form a potentially explosive mixture.
As a result, the liquid oxygen is dumped out through the
SSME combustion chamber nozzles, and the liquid
hydrogen is dumped out through the right-hand T-minus-
zero umbilical overboard fill and drain valves.

MPS dump terminates.

APUs shut down.

MPS vacuum inerting occurs.

--Remaining residual propellants are vented to space
vacuum, inerting the MPS.

.--Orbiter/ET umbilical doors close (one door for liquid
hydrogen and one door for liquid oxygen) at bottom of aft
fuselage, sealing the aft fuselage for entry heat loads.

-MPS vacuum inerting terminates.

0/00:40 OMS-2 thrusting maneuver is performed, approximately
2 minutes, 15 seconds in duration, at 220 fps, 156 by 183
nautical miles.

0/00:51 Commander closes all current breakers, panel L4.

0/00:53 Mission specialist (MS)/payload specialist (PS) seat egress.

0/00:54 Commander and pilot configure GPCs for OPS-2.

0/00:57 MS configures preliminary middeck.
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HR:MIN:SEC EVENT

0/00:59 MS configures aft flight station.

0/01:02 MS unstows, sets up, and activates PGSC.

0/01:06 Pilot activates payload bus (panel R1).

0/01:08 Commander and pilot don and configure communications.

0/01:12 Pilot maneuvers vehicle to payload bay door opening
attitude, biased negative Z local vertical, negative Y velocity
vector attitude.

0/01:15 Orbit 2 begins.

0/01:17 Commander activates radiators.

0/01:19 If go for payload bay door operations, MS configures for
payload bay door operations.

0/01:28 Pilot opens payload bay doors, manual/fit test procedures.

0/01:33 Commander switches star tracker (ST) power 2 (panel 06)
to ON.

0/01:36 Mission Control Center (MCC), Houston (H), informs crew to
"go for orbit operations."

0/01:37 MS activates payload powering switching unit heater.

0/01:37 Commander and pilot seat egress.

0/01:38 Commander and pilot clothing configuration.

0/01:39 MS/PS clothing configuration.

0/01:50 Pilot initiates fuel cell auto purge.

0/01:51 MS activates teleprinter (if flown).
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T+ (PLUS)
DAY/

EVENT

0/01:52 Commander begins post-payload bay door operations and
radiator configuration.

0/01:55 MS/PS remove and stow seats.

0/01:56 Commander starts ST self-test and opens door.

0/01:57 MS configures middeck.

0/01:58 Pilot closes main B supply water dump isolation circuit
breaker, panel ML86B, opens supply water dump isolation
valve, panel R12L.

0/02:01 Pilot activates auxiliary power unit steam vent heater, panel
R2, boiler controller/heater, 3 to A, power, 3 to ON.

0/02:10 Commander configures vernier drivers.

0/02:10 CPCG activation.

0/02:12 Commander, pilot configure controls for on-orbit operations.

0/02:20 MS performs on-orbit initialization.

0/02:21 Pilot enables hydraulic thermal conditioning.

0/02:24 MS resets caution/warning (C/W).

0/02:28 Pilot plots fuel cell performance.

0/02:30 Maneuver vehicle to IMU alignment attitude.

0/02:35 Unstow cabin.

0/02:45 IMU alignment: ST.

0/02:46 Orbit 3 begins.

0/02:50 Maneuver vehicle to -ZLV, -YVV attitude.
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DAY/

HR:MIN:SEC EVENT

0/03:05 Deploy Ku-band antenna.

0/03:05 Set up quickdon mask.

0/03:15 Activate Ku-band antenna.

0/03:25 Aft controller checkout.

0/03:35 Snack.

0/04:05 Deactivate APU heater.

0/04:16 Orbit 4 begins.

0/04:25 Cryogenic oxygen sensor check.

0/04:25 DTO 623--cabin air monitoring.

0/04:30 Crew begins presleep activities.

0/04:50 OMS burn.

0/05:13 NC1 corrective burn at 8 fps, 156 by 183 nautical miles.

0/05:20 CPCG activation.

0/05:30 Maneuver vehicle to IMU alignment attitude.

0/05:45 IMU alignment: ST.

0/05:47 Orbit 5 begins.

0/05:50 Maneuver vehicle to -ZLV, +YVV attitude.

0/06:05 APU heater reconfiguration A.

0/06:15 Private medical conference.

0/07:17 Orbit 6 begins.
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0/07:30 Crew begins sleep period.

0/08:47 Orbit 7 begins.

0/10:17 Orbit 8 begins.

0/11:48 Orbit 9 begins.

0/13:18 Orbit 10 begins.

0/14:48 Orbit 11 begins.

0/15:30 Crew begins postsleep activities.

0/16:19 Orbit 12 begins.

0/16:40 Initiate supply water dump.

0/17:20 'Terminate supply water dump.

0/17:35 Maneuver vehicle to IMU alignment attitude.

0/17:40 EVA aspirin protocol.

0/17:49 Orbit 13 begins.

0/17:50 IMU alignment: ST.

0/17:55 Maneuver vehicle to COAS calibration attitude.

0/18:10 COAS calibration--forward station.

0/18:15 Maneuver vehicle to -ZLV, -YVV attitude.

0/18:30 Electronic still camera PDU assembly.

0/19:00 IDSO469C--radiation dose distribution.

z 0/19:05 Open payload retention latch assemblies.



-32-

T+ (PLUS)
DAY/

Lt_tS&_J_ EVENT

0/19:20 Orbit 14 begins.

0/19:35 Preparation for 10.2 psi cabin depressurization.

0/19:45 10.2 psi cabin depressurization.

0/20:20 RMS heater activation/manipulator controller interface unit
filter check.

0/20:20 10.2 psi cabin configuration.

0/20:25 DTO 648--electronic still camera.

0/20:30 DSO 604A--visual vestibular integration (O1-1).

0/20:40 OMS burn.

0/20:50 Orbit 15 begins.

0/21:08 NH-1 height adjustment burn, 12.5 fps, 156 by 190 nautical
miles.

0/21:10 Maneuver vehicle to biased -ZLV, -YVV attitude.

0/21:10 DTO 648--electronic still camera.

0/21:15 P/TV05 setup, middeck.

0/21:30 RMS powerup.

0/21:45 RMS checkout.

0/21:45 P/TV05 activities, middeck.

0/21:55 DTO 640--hydrazine monitor baseline warmup equipment
preparation.

0/22:15 DTO 700-2--laser range finder checkout.

0/22:20 Orbit 16 begins.
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0/22:30 RMS payload bay survey.

0/22:35 Filter cleaning.

0/22:35 P/'rv11 activation--RMS payload bay.

0/22:55 Standard switch panel checkout.

0/23:00 FIMSpowerdown.

0/23:15 DTO 651--fluid load (pilot, MS2).

0/23:15 Laser stow (DTO 700-2).

0/23:30 Meal.

0/23:51 Orbit 17 begins.

MET DAY ONE

1/00:30 DTO 640--hydrazine monitor(baselinedata take).

1/00:30 P/'rv05 activation,middeck.

1/00:30 EMU checkout(fourEMUs).

1/01:00 P/TV02 setup, flightdeck.

1/01:20 DTO 651--fluidload (pilot,MS2).

1/01:22 Orbit 18 begins.

1/01:30 P/TV02/05 activation,flightdeck and middeck.

1/01:40 DTO 651--ergometer.

1/02:52 Orbit 19 begins.

,-- 1103:25 DTO 648--electronic still camera.
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1/04:10 IMU alignment: ST.

1/04:20 DTO 651--fluid load (pilot, MS2).

1/04:22 Orbit 20 begins.

1/04:25 DTO 623--cabin air monitoring.

1/04:30 Crew begins presleep activities.

1/04:35 10.2 psi maintenance.

1/05:00 RCS burn.

1/05:25 NC2 phasing burn, 4 fps, 143 by 190 nautical miles.

1/05:30 Maneuvervehicle to -ZLV, -YVV attitude.

1/05:53 Orbit 21 begins.

1/05:55 Private medical conference.

1/07:24 Orbit 22 begins.

1/07:30 Crew begins sleep period.

1/08:54 Orbit 23 begins.

1/10:25 Orbit 24 begins.

1/11:55 Orbit 25 begins.

1/13:26 Orbit 26 begins.

1/14:56 Orbit 27 begins.

1/15:30 Crew begins postsleep activities.

1/16:15 Maneuver vehicle to IMU/COAS calibration attitude.
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1/16:27 Orbit 28 begins.

1/16:30 IMU alignment: ST.

1/16:35 COAS calibration--aft station.

1/16:40 Maneuver Vehicle to -ZLV, -YVV attitude.

1/17:20 RMS heater activation/manipulator controller interface unit
filter check.

1/17:58 Orbit 29 begins.

1/18:00 P/TV03 setup.

1/18:20 10.2 psi maintenance.

1/18:30 RMS powerup.

1/18:35 P/TV03 activation--DTO 325.

1/18:45 DTO 325--waste and supply water dump.

1/19:28 Orbit 30 begins.

1/20:00 RMS powerdown.

1/20:05 OMS burn.

1/20:38 Circularization burn, 55 fps, 190 by 190 nautical miles.

1/20:45 P/TV10 setup.

1/20:58 Orbit 31 begins.

1/21:00 P/TVl0, DSO 802--educational activities.

1/21:05 OMS burn.
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1/21:30 NPC phasing correction burn, 3.6 fps, 190 by 190 nautical
miles.

1/21:35 Maneuver vehicle to biased -ZLV, -YVV attitude.

1/22:00 INTELSAT control box start time.

1/22:30 Orbit 32 begins.

1/22:30 DTO 651--fluid load (pilot, MS2).

1/23:00 Meal.

MET DAY TWO

2/00:00 P/TV05 setup,middeck.

2/00:00 DTO 651--fluid load (pilot,MS2).

2/00:02 Orbit33 begins.

2/00:30 DTO 651--ergometer.

2/00:40 RCS burn.

2/00:40 P/TV05 activation,middeck.

2/01:00 P/TV10, DSO 802--educationalactivities.

2/01:04 NSR coelipticburn,0.0 fps, 189 by 190 nauticalmiles.

2/01:10 Maneuvervehicle to biased -ZLV, -YVV attitude.

2/01:33 Orbit34 begins.

2/01:40 DTO 648--electronic still camera.

2/02:20 DTO 648--electronicstillcamera.

2/02:30 INTELSAT EVA review.
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2/03:00 IMU alignment: ST.

2/03:00 DTO 651--fluid load (pilot, MS2).

2/03:05 Orbit 35 begins.

2/03:15 DTO 623--cabin air monitoring.

2/03:25 OMS burn.

2/03:30 Crew begins presleep activities.

2/04:00 Maneuver vehicle to biased -ZLV, -YVV attitude.

2/04:20 10.2 psi maintenance.

/---. 2/04:30 Private medical conference.

2/04:33 NC-3 burn, 4.7 fps, 187 by 190 nautical miles.

2/04:36 Orbit 36 begins.

2/05:30 Start first INTELSAT spindown (30 rpm to 7.5 rpm).

2/06:07 Orbit 37 begins.

2/06:30 Crew begins sleep period.

2/07:38 Orbit 38 begins.

2/09:10 Orbit 39 begins.

2/10:00 Second INTELSAT spindown (7.5 rpm to 5 rpm).

2/10:42 Orbit 40 begins.

2/12:12 Orbit 41 begins.

Y- 2/13:43 Orbit 42 begins.
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2/14:30 Crew begins postsleep activities.

2/15:15 Orbit 43 begins.

2/15:15 Maneuver vehicle to IMU alignment attitude.

2/16:00 10.2 psi maintenance.

2/16:10 Manipulator controller interface unit filter.

2/16:25 INTELSAT rendezvous operations.

2/16:47 Orbit 44 begins.

2/17:30 P/TV04 setup, INTELSAT.

2/17:31 NH-2 height adjustment burn, 12.1 fps, 187 by 197 nautical -
miles.

2/18:10 Sating of INTELSAT for rendezvous.

2/18:17 NC-4 correction burn, 10.5 fps, 193 by 197 nautical miles.

2/18:18 Orbit 45 begins.

2/19:15 EVA preparation.

2/19:15 EVA support.

2/19:15 P/TV04 activation, INTELSAT.

2/19:40 NCC corrective combination maneuver.

2/19:45 RMS heater activation/manipulator controller interface unit
filter check.

2/19:50 Orbit 46 begins.

2/20:30 INTELSAT safed.
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2/20:40 Start 40-minute in-suit prebreathe.

2/20:45 RMS powerup.

2/21:00 EVA support.

2/21:20 TI terminal ignition bum, 3.5 fps, 195 by 197 nautical miles.

2/21:22 Orbit 47 begins.

2/21:30 Airlock depressurization.

2/21:45 INTELSAT EVA begins.

2/21:55 Payload bay setup.

f- 2/22:10 Portable foot restraint attachment device installation/capture
bar preparation.

2/22:20 V-bar maneuver.

2/22:20 Ingress portable foot restraint.

2/22:25 Capture bar checkout/prebreathing preparation.

2/22:30 Position RMS for proximity operations.

2/22:40 Wait for stationkeeping.

2/22:53 Orbit 48 begins.

2/22:55 Position RMS for capture bar installation.

2/23:00 Deploy capture bar attachment.

2/23:20 INTELSAT grapple.

2/23:30 Maneuver vehicle to -ZLV, -YVV attitude.
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2/23:45 Position RMS for portable foot restraint attachment device
egress.

MET DAY THREE

3/00:05 Portable foot restraintattachmentdeviceegress.

3/00:10 RMS berthingpreparation.

3/00:20 INTELSAT berthingpreparation.

3/00:25 Orbit49 begins.

3/00:30 PositionRMS for thermalcover removal.

3/00:50 Thermalcover removal.

3/00:50 Maneuvervehicleto -ZLV, -XVV attitude.

3/01:00 INTELSAT berthing.

3/01:20 Spacecraftmating.

3/01:30 RMS ungrapple.

3/01:35 Maneuvervehicleto -ZLV, +YVV attitude.

3/01:50 Post matingreconfiguration/predeploychecklist/stageand
boostactivation.

3/01:55 RMS powerdown.

3/01:56 Orbit50 begins.

3/02:25 Maneuvervehicle to INTELSAT deployattitude.

3/02:35 DTO 640--hydrazinemonitor(EVA warmup).

3/02:40 Returnto airlock/givego for deploy.
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3/02:45 Deployment of INTELSAT VI from payload bay.

3/02:50 Return to worksite.

3/02:55 Payload bay cleanup and stowage.

3/03:15 Airlock ingress.

3/03:15 Safe INTELSAT VI/orbiter separation distance achieved.

3/03:25 Airlock repressurization.

3/03:25 DTO 640--middeck data take.

3/03:28 Orbit 51 begins.

f- 3/03:35 "Tracking maneuver.

3/03:40 Post EVA activities.

3/03:40 DTO 640--airlock data take.

3/03:48 RCS separation 1 burn, 2.0 fps, 196 by 197 nautical miles.

3/04:10 DTO 623--cabin air monitoring.

3/04:11 RCS separation 2 burn, 18.0 fps, 196 by 207 nautical miles.

3/04:20 Flash evaporator system A on.

3/04:20 EMU maintenance.

3/04:20 Laser stow.

3/04:25 DSO 482--cardiac rhythm (EVl, EV2).

3/04:30 10.2 psi maintenance.

3/04:30 Crew begins presleep activities.
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3/04:50 Maneuver vehicle to IMU alignment attitude.

3/05:00 Orbit 52 begins.

3/05:05 IMU alignment: ST.

3/05:10 Window protection maneuver.

3/05:35 Private medical conference.

3/06:32 Orbit 53 begins.

3/07:30 Crew begins sleep period.

3/08:04 Orbit 54 begins.

3/09:35 Orbit 55 begins.

3/11:08 Orbit 56 begins.

3/12:39 Orbit 57 begins.

3/14:12 Orbit 58 begins.

3/15:30 Crew begins post sleep activities.

3/15:43 Orbit 59 begins.

3/17:00 Maneuver vehicle to IMU alignment attitude.

3/17:15 Orbit 60 begins.

3/17:15 IMU alignment: ST.

3/17:20 Maneuver vehicle to biased -ZLV, -YVV attitude.

3/17:30 ASEM EVA review.

3/17:35 Initiate supply water dump.
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3/17:45 Fuel cell purge--manual.

3/17:55 10.2 psi maintenance.

3/18:10 Humidity separator configuration A.

3/18:30 EMU reconfiguration.

3/18:30 P/TV07 setup, ASEM.

3/18:35 Terminate supply water dump.

3/18:45 EVA aspirin protocol.

3/18:45 ASEM maneuver, -XLV, +ZVV attitude.

f- 3/18:47 Orbit 61 begins.

3/18:50 EVA preparation.

3/18:50 P/TV07 activation, ASEM.

3/19:15 RCS regulator.

3/19:40 RMS heater activation/manipulator controller interface unit
filter check.

3/19:50 Heater reconfiguration.

3/20:10 ECLSS checkout.

3/20:18 Orbit 62 begins.

3/20:20 Cabin temperature control reconfiguration.

3/20:25 Start 40-minute in-suit prebreathe.

3/20:35 Middeck battery recharge.

3/20:40 RMS powerup.
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3/20:55 ASEM assembly viewing.

3/21:05 Airlock depressurization.

3/21:20 ASEM EVA (EVA 2).

3/21:30 Payload bay setup.

3/21:45 Bottom plane installation.

3/21:50 Orbit 63 begins.

3/22:05 Vertical/diagonal installation.

3/22:15 Final/diagonal installation.

3/22:28 Maneuver to MPESS grasp position.

3/22:35 Portable foot restraint attachment device/wheel installation
on RMS.

3/22:45 Portable foot restraint attachment device ingress.

3/22:47 Active keel assembly/payload retention latch assembly
release.

3/22:50 MPESS removal.

3/22:57 Maneuver to MPESS handling position.

3/23:07 MPESS handling evaluation.

3/23:12 Return to MPESS grasp position.

3/23:22 Orbit 64 begins.

3/23:24 MPESS installation.

3/23:30 Active keel assembly/payload retention latch assembly latch.
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3/23:34 Portable foot restraint attachment device egress.

3/23:34 CPD setup.

3/23:39 CPD evaluation.

3/23:50 MPESS unberth operations.

3/23:59 Maneuver to MPESS access position.

MET DAY FOUR

4/00:11 Port legs installation.

4/00:21 Starboardlegs installation.

F 4/00:31 Portable foot restraint setup.

4/00:35 Return from MPESS access position.

4/00:41 Maneuver to pre-attach position.

4/00:46 Position for mating.

4/00:54 Orbit 65 begins.

4/00:58 Pallet installation No. 1.

4/01:06 Pallet disconnect from MPESS.

4/01:08 Return to pre-attach position.

4/01:12 Position for mating.

4/01:23 Pallet installation No. 2.

4/01:31 Pallet disconnect from MPESS.

4/01:33 Raise MPESS for EVA mount.
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4/01:35 Interim stow.

4/01:45 Mount RMS.

4/01:50 Return to pre-attach position.

4/01:54 Return to hover position.

4/02:00 Maneuver to Space Station Freedom position 1.

4/02:06 Assembly area No. 1.

4/02:16 Maneuver to Space Station Freedom position No. 2.

4/02:20 Assembly area No. 2.

4/02:26 Orbit 66 begins.

4/02:30 Return from Space Station Freedom position.

4/02:40 Maneuver to MPESS access position.

4/02:45 Dismount RMS.

4/02:49 Return from MPESS access position.

4/02:53 EMU TV berthing.

4/02:53 Bipole, inflatable pole evaluation.

4/02:55 DTO 640--hydrazine monitor (EVA warmup).

4/03:08 Payload bay cleanup.

4/03:23 Airlock engress.

4/03:33 Airlock repressurization.

4/03:40 DTO 640--hydrazine monitor (middeck data take).
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4/03:55 RMS powerdown.

4/03:55 Post EVA activities.

4/03:55 DTO 640--hydrazine monitor (airlock data take).

4/03:58 Orbit 67 begins.

4/04:15 TDRS/IMU maneuver.

4/04:20 Middeck battery recharge.

4/04:30 VTR setup 07, ASEM.

4/04:35 EMU maintenance.

_- 4/04:45 VTR playback, ASEM.

4/04:50 EMU reconfiguration.

4/05:10 Middeck battery recharge.

4/05:10 EMU maintenance recharge.

4/05:30 Orbit 68 begins.

4/05:30 IMU alignment: ST.

4/05:40 DTO 623--cabin air monitoring.

4/05:45 HumidityseparatorconfigurationB.

4/05:50 Crew beginspresleepactivities.

4/06:00 DSO 482--cardiac rhythm(EV3, EV4).

4/06:10 Maneuvervehicleto -ZLV, -YVV attitude.

f 4/06:25 10.2 psi maintenance.
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4/07:02 Orbit 69 begins.

4/07:10 Private medical conference.

4/08:33 Orbit 70 begins.

4/08:50 Crew begins sleep period.

4/10:06 Orbit 71 begins.

4/11:37 Orbit 72 begins.

4/13:09 Orbit 73 begins.

4/14:41 Orbit 74 begins.

4/15:50 Crew begins post sleep activities.

4/16:13 Orbit 75 begins.

4/17:30 IMU/COAS maneuver.

4/17:45 Orbit 76 begins.

4/17:45 IMU alignment: ST.

4/17:50 COAS calibration, aft station.

4/17:50 ASEM EVA review.

4/17:55 Maneuver vehicle to biased -ZLV, -YVV attitude.

4/18:10 Initiate supply water dump.

4/18:50 Terminate supply water dump.

4/18:50 P/TV07 setup, ASEM.

4/18:50 EVA preparation.
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DAY/

EVENI

4/18:55 EVA aspirin protocol.

4/19:00 Initiate waste dump.

4/19:10 P/TV07 activation, ASEM.

4/19:15 Filter cleaning.

4/19:17 Orbit 77 begins.

4/19:20 RMS heater activation/manipulator controller interface unit
filter check.

4/19:35 10.2 psi maintenance.

4/20:00 Terminate waste dump.
f_

4/20:10 ASEM maneuver, -XLV, +ZVV attitude.

4/20:25 Start 40-minute in-suit prebreathe.

4/20:25 RMS powerup.

4/20:40 MPESS grapple operations.

4/20:48 Orbit 78 begins.

4/20:50 Unberth operations.

4/21:05 RMS to access position.

4/21:05 Airlock depressurization.

4/21:20 ASEM EVA (EVA 3).

4/21:30 Payload bay setup.

4/21:45 Port legs installation.

4/21:55 Starboard legs installation.
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4/22:05 Portable foot restraint setup.

4/22:11 Return from MPESS access position.

4/22:17 Maneuver to pre-attach position.

4/22:20 Orbit 79 begins.

4/22:22 Position for mating.

4/22:34 Pallet installation No. 3.

4/22:42 Pallet disconnect.

4/22:45 Return to pre-attach position.

4/22:49 Position for mating.

4/23:00 Pallet installation No. 4.

4/23:08 Ungrapple and backaway.

4/23:10 Portable foot restraint attachment device/wheel installation.

4/23:18 Maneuver to stack grasp position.

4/23:25 Equipment repositioning.

4/23:25 Portable foot restraint attachment device ingress.

4/23:30 Stack removal.

4/23:32 Payload retention latch assembly release.

4/23:37 Maneuver to stack handling position.

4/23:43 Stack handling evaluation.

4/23:48 Return to stack grasp position.
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4/23:52 Orbit 80 begins.

4/23:53 Stack installation.

MET DAY FIVE

5/00:03 Payload retentionlatchassemblylatch.

5/00:05 Portablefoot restraintattachmentdeviceegress.

5/00:06 Setup for legstow.

5/00:11 Regrapple.

5/00:19 Palletdisconnection.

s -_ 5/00:21 Return to pre-attach position.

5/00:22 Bipole, IP setup.

5/00:25 Maneuver to MPESS access position.

5/00:29 Starboard legs stow.

5/00:39 Port legs stow.

5/00:48 Return from MPESS access position.

5/00:50 Bipole, IP evaluation.

5/00:50 EVA voice berthing.

5/01:05 Interim stow.

5/01:09 Ungrapple and backaway/assembly viewing.

5/01:15 Final/diagonal stow.

• 5/01:23 Orbit 81 begins.
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5/01:30 Vertical/diagonal stow.

5/01:40 Bottom plane stow.

5/01:55 CPD evaluation.

5/02:10 Middeck battery recharge.

5/02:25 Payload bay cleanup.

5/02:40 Airlock ingress.

5/02:50 DTO 640--hydrazine monitor (EVA warmup).

5/02:55 Orbit 82 begins.

5/03:05 Airlock repressurization.

5/03:40 DTO 640--hydrazine monitor (middeck data take).

5/03:55 RMS powerdown.

5/03:55 Post EVA activities.

5/03:55 DTO 640--hydrazine monitor (airlock data take).

5/04:15 Maneuver vehicle to -ZLV, -YVV attitude.

5/04:15 DTO 623--cabin air monitoring.

5/04:28 Orbit 83 begins.

5/04:35 EMU maintenance.

5/04:35 Crew begins presleep activities.

5/04:40 DSO 621--florinef.

5/04:50 10.2 psi maintenance.
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5/05:00 DSO 482--cardiac rhythm (EVl, EV2).

5/05:55 Maneuver vehicle to IMU alignment attitude.

5/05:59 Orbit 84 begins.

5/06:10 IMU alignment: ST.

5/06:15 Maneuver vehicle to -ZLV, -YVV attitude.

5/06:30 Private medical conference.

5/07:30 Crew begins sleep period.

5/07:32 Orbit 85 begins.

/---- 5/09:04 Orbit 86 begins.

5/10:35 Orbit 87 begins.

5/12:08 Orbit 88 begins.

5/13:38 Orbit 89 begins.

5/15:11 Orbit 90 begins.

5/15:30 Crew beginspostsleep activities.

5/16:40 Maneuver vehicle to IMU alignment attitude.

5/16:43 Orbit 91 begins.

5/16:55 IMU alignment: ST.

5/17:00 Maneuver vehicle to biased -ZLV, -YVV attitude.

5/17:15 Initiate supply water dump.

5/17:40 10.2 psi maintenance.
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5/18:00 DSO 621--florinef.

5/18:05 Terminate supply water dump.

5/18:14 Orbit 92 begins.

5/18:15 EVA aspirin protocol.

5/18:30 Manipulator controller interface unit filter.

5/18:30 P/TV05 setup, middeck.

5/18:55 DSO 482--cardiac rhythm (EV3, EV4).

5/19:00 Post EVA entry preparation.

5/19:00 P/TV05 activation, middeck.

5/19:35 P/TV10 setup.

5/19:47 Orbit 93 begins.

5/19:50 P/TV10, DSO 802--educational activities.

5/20:05 APU heater activation.

5/20:15 P/TV08 setup, crew press conference.

5/20:30 TDRS maneuver.

5/20:40 P/TV08 activation, crew press conference.

5/20:50 RCS hot fire.

5/20:50 Crew press conference audio/TV check.

5/21:05 FCS checkout.

5/21:05 VTR setup 07, ASEM.
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5/21:18 Orbit 94 begins.

5/21:20 VTR playback, ASEM.

5/21:45 DSO 604A--visual vestibular integration.

5/22:20 P/-I'V08activation, crew press conference.

5/22:25 APU heater reconfiguration.

5/22:30 Crew press conference.

5/22:50 Orbit 95 begins.

5/22:55 Maneuver vehicle to -ZLV, -YVV attitude.

f 5/23:15 Meal.

MET DAY SIX

6/00:20 P/TV05 setup, middeck.

6/00:23 Orbit96 begins.

6/00:30 14.7 psi repressurization.

6/00:40 DTO 728--Ku-band antenna friction.

6/00:50 P/TV05 activation,middeck.

6/01:00 DTO 651 stow.

6/01:00 Cabin stow.

6/01:05 DTO 648--electronicstillcamera.

6/01:10 DSO 469C stowage--radiationdose distribution--tissue
equivalentproportionalcounter.

6/01:54 Orbit97 begins.
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6/03:26 Orbit 98 begins.

6/03:45 Ku-band antenna stow.

6/03:45 DTO 623--cabin air monitoring.

6/04:00 Crew begins presleep activities.

6/04:00 DSO 621--florinef.

6/04:20 Private medical conference.

6/04:55 Maneuver vehicle to IMU alignment attitude.

6/04:57 Orbit 99 begins.

6/05:10 IMU alignment: ST.

6/05:15 COAS maneuver.

6/05:30 COAS calibration--forward station.

6/05:35 Maneuver vehicle to -ZLV, -YVV attitude.

6/06:29 Orbit 100 begins.

6/07:00 Crew begins sleep period.

6/08:02 Orbit 101 begins.

6/09:33 Orbit 102 begins.

6/11:05 Orbit 103 begins.

6/12:37 Orbit 104 begins.

6/14:08 Orbit 105 begins.

6/15:00 Crew begins post sleep activities.
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6/15:40 Orbit 106 begins.

6/16:45 DSO 621--florinef.

6/16:55 Private medical conference.

6/17:10 Maneuver vehicle to IMU alignment attitude.

6/17:13 Orbit 107 begins.

6/17:25 IMU alignment: ST.

6/17:30 Maneuver vehicle to -XSl attitude.

6/17:30 DSO 482--cardiac rhythm (EV3, EV4).

/-- 6/17:50 DSO 603--orthostatic function.

6/18:00 DSO 604A entry preparation--visual vestibular integration
(OIq).

6/18:37 Mission Control Center updates IMU star pad, if required.

6/18:44 Orbit 108 begins.

6/18:45 DTO 623--cabin air monitoring.

6/18:45 Begin deorbit preparation.

6/18:45 CRT timer setup.

6/19:07 Commander initiates coldsoak.

6/19:16 Stow radiators, if required.

6/19:34 Commander configures DPS for deorbit preparation.

6/19:37 Mission Control Center updates IMU star pad, if required.

6/19:46 MS configures for payload bay door closure.
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6/19:50 Maneuver vehicle to IMU alignment attitude.

6/19:55 Ku-band antenna stow.

6/19:57 MCC-H gives "go/no-go" command for payload bay door
closure.

6/20:05 IMU alignment/payload bay door operations.

6/20:17 Orbit 109 begins.

6/20:20 Burn maneuver.

6/20:45 MCC gives the crew the go for OPS 3.

6/20:48 Maneuver vehicle to deorbit burn attitude.

6/20:52 Pilot starts repressurization of SSME systems.

6/20:56 Commander and pilot perform DPS entry configuration.

6/21:05 MS deactivates ST and closes ST doors.

6/21:07 All crew members verify entry payload switch list.

6/21:22 All crew members perform entry review.

6/21:24 Crew begins fluid loading, 32 fluid ounces of water with salt
over next 1.5 hours (2 salt tablets per 8 ounces).

6/21:37 Commander and pilot configure clothing.

6/21:50 Orbit 110 begins.

6/21:52 MS/PS configure clothing.

6/22:02 Commander and pilot seat ingress.

6/22:04 Commander and pilot set up heads-up display (HUD).
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6/22:06 Commander and pilot adjust seat, exercise brake pedals.

6/22:14 Final entry deorbit update/uplink.

6/22:20 OMS thrust vector control gimbal check is performed.

6/22:22 APU prestart.

6/22:37 Close vent doors.

6/22:41 MCC-H gives "go" for deorbit burn period.

6/22:47 Maneuver vehicle to deorbit burn attitude.

6/22:50 MS/PS ingress seats.

6/22:59 First APU is activated.

6/23:04 Deorbit burn period.

6/23:09 Initiate post-deorbit burn period attitude.

6/23:13 Terminate post-deorbit burn attitude.

6/23:21 Dump forward RCS, if required.

6/23:23 Orbit 111 begins.

6/23:29 Activate remaining APUs.

6/23:33 Entry interface, 400,000 feet altitude.

6/23:36 Enter communication blackout.

6/23:38 Automatically deactivate RCS roll thrusters.

6/23:45 Automatically deactivate RCS pitch thrusters.
/--

6/23:49 Initiate first roll reversal.
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6/23:53 Exit communications blackout.

6/23:53 Initiate second roll reversal.

6/23:53 TACAN acquisition.

6/23:56 Initiate third roll reversal.

6/23:57 Initiate air data system (ADS) probe deploy.

6/23:58 Begin entry/terminal area energy management (TAEM).

6/23:58 Initiate payload bay venting.

MET DAY SEVEN

7/00:00 Automatically deactivate RCS yaw thrusters.

7/00:03 Begin TAEM/approach/landing (A/L) interface.

7/00:03 Initiate landing gear deployment.

7/00:04 Vehicle has weight on main landing gear.

7/00:04 Vehicle has weight on nose landing gear.

7/00:04 Initiate main landing gear braking.

7/00:05 Wheel stop.



_,--- -61-

GLOSSARY

A/G air-to-ground
AA accelerometer assembly
ACS active cooling system
ADS air data system
AFB Air Force base
NL approach and landing
AMOS Air Force Maui Optical Site
AOS acquisition of signal
APC autonomous payload controller
APU auxiliary power unit
ASE airborne support equipment
ASEM assembly of station by EVA methods

BFS backup flight control system

/.- CCD charge-coupled device
CDMS command and data management subsystem
COAS crewman optical alignment sight
CPCG commercial protein crystal growth
CRT cathode ray tube
C/W caution/warning

DAP digital autopilot
DOD Department of Defense
DPS data processing system
DSO detailed supplementary objective
DTO development test objective

EAFB Edwards Air Force Base

ECLSS environmental control and life support system
EDO extended duration orbiter
EHF extremely high frequency
ELV expendable launch vehicle
EMU extravehicular mobility unit
EOM end of mission
EPS electrical power system
ET external tank

J" ETR Eastern Test Range
EV extravehicular
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